Background Percutaneous vertebroplasty is currently an alternative for treating vertebral fractures of the thoracic and lumbar spine, providing both pain control and vertebral stabilization. In the cervical spine, however, percutaneous vertebroplasty is technically challenging because of the complex anatomy of this region. Questions/purposes We evaluated the technical feasibility, complication rate, and ability of percutaneous vertebroplasty to provide pain relief in patients with painful metastatic cervical fractures.
Introduction
Bone is one of the most frequent sites of metastasis and the spine is the most common of painful skeletal sites [25] . Spinal metastases are found in more than 2 . 3 of patients who die of cancer [15] . Vertebrae are therefore frequently affected by pathologic fractures, in 10% to 20% of cases involving the posterior wall of the vertebral body [16] , which can protrude posteriorly and cause spinal canal compromise and neurologic injury [16] . Thoracic vertebrae are the most common sites of disease (60%-80%), followed by lumbar (20%) and cervical spine (10%) [15] .
Harrington [16] classified patients with spinal metastases into the following five categories, according to the extent of neurologic compromise and bone destruction: Class 1, no major neurologic involvement; Class 2, involvement of bone without collapse or instability; Class 3, major neurologic impairment (sensory or motor) without major involvement of bone; Class 4, vertebral collapse with pain due to mechanical causes or instability but without major neurologic compromise; and Class 5, vertebral collapse or instability combined with major neurologic impairment. Treatment is palliative and aims to relieve pain, prevent development of any pathologic fracture, improve mobility and function, and, if possible, prolong survival [17, 29] . The initial therapeutic option (Classes 1 and 2) is a nonoperative treatment based on rest, bracing, chemotherapy/hormonal treatment, and analgesics, but in the presence of refractory pain, spinal instability or neurologic deficit from cord compression (Classes 4 and 5), surgical stabilization is necessary. Patients in Class 3 are initially treated with radiotherapy alone, but similar to those in Classes 4 and 5, they do not always respond [27] . Furthermore, life expectancy is an important factor to justify surgical treatment, and generally, indications include a life expectancy of greater than 6 months and isolated metastasis [3, 13, 18, 20] . Radiation therapy provides local pain control in a high percentage of cases and works best if combined with chemotherapy. The aim of radiotherapy for patients with a short life expectancy may be different from that for those who have a better prognosis and require not only pain relief but also spinal function [27] . Since its efficacy is dose-dependent, to obtain longerlasting results, a high dose of irradiation may be required and the adverse effects of radiation therapy (eg, radiation myelitis) must be considered. Furthermore, the painrelieving effect of radiation therapy is gradual and local response rates after repeated radiotherapy due to recurrent pain symptoms at the same port drastically decrease after the first course.
Few patients with neoplastic vertebral fractures are surgical candidates; therefore, current treatments are aimed at pain palliation and prevention of complications [25] . Standard treatment includes analgesics, mainly opioids, and radiation therapy. However, more than 20% to 30% of patients are nonresponsive [17, 29] , and in this case, patients are exposed to a number of deleterious consequences, such as impairment of function and quality of life, decreased mobility, and depression [26] . Percutaneous vertebroplasty (PVP) is currently considered a reasonable alternative for treating vertebral fractures of the thoracic and lumbar spine since polymethylmethacrylate (PMMA) injection inside the vertebral body provides both pain control in approximately 97% of patients and vertebral stabilization [8, 9] .
However, in the cervical spine, PVP is technically challenging because of the potential complications related to the complex anatomy of this region (spinal cord, jugular vein, cranial nerves, carotid artery, and vertebral artery). Furthermore, in the case of osteolytic lesions, the risk of cement leakage is increased, which, when involving the spinal canal, may compromise the spinal cord or nerve roots, leading to severe neurologic deficit. At present, cervical spine percutaneous vertebroplasty has been only anecdotally reported to treat lesions in selected patients with cervical lesions (Cortet et al. [8] reported only five cases in the cervical spine), and since most cases have been in the thoracic and lumbar spines it is not known whether the procedure is technically feasible with a low complication rate and whether it reliability relieves pain in patients with cervical spine metastasis.
We therefore evaluated (1) the technical feasibility considering the complications rate; and (2) the ability of PVP to reduce pain and medication usage in cervical fractures due to metastases.
Patients and Methods
We retrospectively analyzed data from 62 patients (24 men, 38 women) who underwent PVP to treat painful cervical fractures from metastatic disease between May 2005 and May 2009 ( Table 1) . Primary tumors included breast cancer (16) , myeloma (11), lung cancer (10), gastric cancer (seven), and other tumors (19) . The indication for PVP for each patient was determined by an interdisciplinary consult that included an orthopaedist, an oncologist, a neurosurgeon, and a radiation therapist. All patients were evaluated before the procedure with a multidisciplinary approach that included a thorough interview to obtain the patient's medical history and a physical examination. Furthermore, diagnostic imaging examinations, CT and MRI, were performed to evaluate the presence of cortical breakthrough, the eventual extravertebral tumor extension, and the type of lesion and to quantify the degree of collapse. Patients were eligible for PVP if they met the following criteria: (1) vertebral fracture resulting from osteolytic metastasis at the cervical spine with integrity of the posterior vertebral wall as shown from CT scan and MRI; (2) severe debilitating pain or loss of mobility that could not be relieved by appropriate oncologic or medical therapy; (3) failed radiation therapy or chemotherapy with a life expectancy of between 3 and . The cervical fractures were localized in C1 (n = 3), C2 (n = 32), C3 (n = 3), C4 (n = 11), C5 (n = 15), C6 (n = 4), and C7 (n = 2), with a total of 70 vertebrae treated. Each patient was evaluated before, the day after, and at 3 months after the procedure. No patients were recalled specifically for this study; all data were obtained from medical records. All patients gave their informed consent for participation in the study.
To minimize the risk of bleeding, anticoagulation/antiplatelet therapy was discontinued before the procedure.
The procedures were performed with the patient in supine position under general anesthesia. In addition, a premedication with intravenous antibiotic therapy (cefazolin 2 g) was administered before treatment and was continued for 3 to 5 days later. For C1 and C2 fractures (n = 35), a transoral approach was used while, for the others cervical sites, a monolateral approach (either anterolateral or posterolateral) was used [13] .
In the transoral approach, the needle was advanced across the previously disinfected oropharynx, between the depressed tongue and the uvula toward the posterior pharyngeal wall through which the target lesion was punctured. Transoral and anterolateral approaches were performed either under CT guidance (Fig. 1 ) or under biplanar (AP and left lateral) fluoroscopic guidance (Fig. 2) . Patients were studied before the procedure via CT and/or MRI (Fig. 3) [12, 21, 28, 30] . In the anterolateral approach, a moderate hyperextension of the neck was required and the needle was advanced below the angle of the mandible in an oblique direction aiming at the anterior wall of the target vertebra ( Fig. 4) [14] . In the posterolateral approach, the needle was advanced, as in the PVP of the lumbar and thoracic spine, through the posterolateral tissues and the pedicle, into the vertebral body. Once the center of the vertebral body was reached, cement (PMMA) was injected. The median injected PMMA volume was 2.5 mL (range, 1-4 mL).
The day after treatment, all patients were evaluated by CT or MRI to assess eventual extravertebral cement leakage [2] . All patients were asked to remain at rest for 6 hours, after which they were allowed to gradually increase mobility under the supervision of the neurosurgeon, who contextually performed a neurologic examination, and were discharged from the hospital, compatibly with their clinical conditions, 2 days after the treatment. In all patients we used a broadspectrum antibiotic for 7 days after discharge from hospital. Patients were exposed to different analgesic therapies according to personal drug sensitivity and treatment institution, including oral administration of: ibuprofen (Brufen, Abbott), diclofenac (Voltaren, Innovex), paracetamol + codeine (Coefferalgan; Bristol-Myers Squibb Srl, Roma, Italia), oxycodone (Oxycontin; Mundipharma Pharmaceutic Srl, Milano, Italia), or tramadol (Tradonal, Viatris). The amounts of daily medication intake (number of pills per day) before and after the procedure were recorded (Table 1) . Followup visits were at 1 and 3 months after surgery. Clinical examinations included a neurological examination and VAS evaluation, while imaging was performed with a simple radiograph at 1 month and an MR or CT at 3 months. The severity of pain was evaluated according to a pain score using a visual analog scale (VAS) ranging from 0 (absence of pain) to 10 (maximal pain) [5] . Measurement of VAS score was recorded before, immediately after, and 3 months after the treatment.
We defined technical success as the injection of cement into the vertebral lesion without leakage, while a difference in VAS of 2 points or more (as reported in previous studies) was considered clinical success [12, 14] . Standard descriptive statistics were expressed as median (range) and/ or mean ± SD, when appropriate, absolute counts, and percentages. We compared pretreatment and 24-hour posttreatment VAS scores and pretreatment and 3-month followup VAS scores using the Kolmogorov-Smirnov test. Statistical analysis was run using R Version 2.6.0 open-source software publicly available at http://www. r-project.org.
Results
Technical success was achieved in 60 patients; only two (3.2%) patients presented with an asymptomatic cement leakage in the soft tissues ( Fig. 5) . No delayed complications were observed.
Pain was reduced (p \ 0.001) by 24 hours postsurgery: mean pretreatment and 24-hour posttreatment VAS scores were 7.9 ± 1.7 and 1.5 ± 2, respectively ( Table 1) . Within 24 hours, the pain completely disappeared in 25 (40%) patients. Analgesics were suspended in 34 (55%) patients, decreased in 26 (42%), and continued in two. The median analgesics consumption decreased from two pills per day (range, 0-3) to 0 (range, 0-3); in two patients, analgesics administration was continued due to the persistence of Table 1 ). All patients were directly interviewed at 3 months and reported a mean VAS score of 1.7 ± 2, lower (p \ 0.001) than the pretreatment VAS score.
Discussion
PVP is a minimally invasive tool that provides long-lasting pain control in 50% to more than 90% of patients treated for lumbar or thoracic metastases, providing an increased strength and stiffness of the vertebral body, thereby preventing further vertebral collapse as well [6, 10, 11, 31] .
Although the details of the mechanisms responsible for pain relief are still not completely clear, it has been suggested the injection of PMMA produces an analgesic effect by stabilizing the treated bone segment and/or by direct effect of cement injection with thermal ablation of local nervous end structures caused by the exothermic reaction produced during the polymerization of PMMA and the neurotoxicity of the monomer. PVP in the cervical spine, which is different from other spinal segments, has only been performed on small numbers of patients or anecdotally to treat patients with spinal metastasis. We therefore evaluated (1) the technical feasibility considering the complications rate and (2) the ability of PVP to reduce pain and medication usage in cervical fractures due to metastases.
We acknowledge limitations to our study. First is the lack of a control group. However, these were patients who failed previous nonoperative treatment and we presume the disease would be progressive in all. Second is the shortterm followup, but this is partly limited by the short life expectancy of patients who are candidates for the procedure. Lastly, the study was performed by experienced radiologists with experience in vertebroplasty procedures; Given these are technically difficult we presume there would be a learning curve with the procedure and our results might not be generalizable for radiologists less familiar with the technique.
Consistent with findings in the other spinal segments [4, 26] , we observed a short-and long-term drop in VAS pain scores, with a consequent major reduction of analgesic opiate use and improved mobility. Deramond et al. [9] reported on 101 patients with metastatic spinal disease and demonstrated improvements in pain relief in more than 80% of patients. Also, Cortet at al. [7] reported a decrease in pain within 48 hours of vertebroplasty in 97% of their 37 patients (cervical spine involvement in five cases) with osteolytic metastases or multiple myeloma. In their study, pain after the procedure was absent in 13.5%, substantially reduced in 55%, and moderately reduced in 30%. Their complication rate approximated 3%, with two patients developing severe nerve root pain due to leakage of bone cement into the neural foramen. Barr et al. [1] included eight patients with malignancy in their cohort of 47 patients undergoing vertebroplasty, achieving pain relief in four of the eight (50%) patients.
Our data confirm previous finding in the literature on smaller samples of patients and suggest, in experienced hands, PVP provides a minimally invasive way to provide pain relief from metastatic lesions of the cervical spine 
